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,QWKHERWWRPXS VWUDWHJ\QDQRSDUWLFOHVDUHEXLOWXSDWRPE\DWRPRUPROHFXOHE\PROHFXOHDWWKHZLOORIWKHLU
FUHDWRUV0RVWQDQRSDUWLFOHV\QWKHVHVEHORQJWRWKLVFDWHJRU\7KHWRSGRZQVWUDWHJ\LVWKHPRVWDSSOLHGRQHLQWKH
WUDGLWLRQDO SDUWLFOH PDNLQJ SURFHVVHV +HUH QDQR SDUWLFOHV DUH V\QWKHVL]HG E\ EUHDNLQJ GRZQ EXON PDWHULDOV
JUDGXDOO\ LQWRVPDOOHUVL]HVXQWLO WKH\DUHQDQRVL]HG7KHHQGUHVXOWVFRXOGDOVREHDFKLHYHGE\ OHDFKLQJRXWRQH
W\SHRIPROHFXOHLQDEXON\KRPRJHQHRXVPROHFXODUVROLGPL[WXUH
7UDGLWLRQDOO\SDUWLFOHUHLQIRUFHGPHWDOPDWUL[FRPSRVLWHVKDYHEHHQIDEULFDWHGE\VHYHUDOSURFHVVLQJURXWHVVXFK
DVSRZGHUPHWDOOXUJ\ 6XU\DQDUD\DQD 6XU\DQDUD\DQD  GHIRUPDWLRQSURFHVVLQJDQGYDULRXVVROLGLILFDWLRQ
SURFHVVLQJ WHFKQLTXHV LQFOXGLQJ VSUD\ GHSRVLWLRQ $NLR HW DO  3ODVPDDUF VSUD\LQJ RU SODVPD LRQL]DWLRQ
$LNLQ&KHPLFDO YDSRXU GHSRVLWLRQ 'UH[OHU (OHFWURGHSRVLWLRQRUJDOYDQL]DWLRQ 1DOZD ,Q6RO±
JHO V\QWKHVLV :LOVRQ HW DO  3DQJ HW DO  'UH[OHU  $WWDUG HW DO  $WWDUG HW DO  %DOO
PLOOLQJPHFKDQLFDO IUDFWXULQJ $WWDUGHWDO  $WWDUGHWDO 
%DOO PLOOLQJ SURFHVV LQYROYLQJ PLOOLQJ RI FRQVWLWXHQW SRZGHU LQ D KLJK HQHUJ\ EDOO PLOOV JRHV H[WHQVLYH
PHFKDQLFDOGHIRUPDWLRQ GXHWREDOO±SRZGHUEDOODQGEDOOSRZGHUFRQWDLQHUFROOLVLRQVWKDWRFFXUVGXULQJPHFKDQLFDO
DOOR\LQJ 6WUDLQ KDUGHQLQJ DQG IUDFWXUH RI SDUWLFOHV GHFUHDVHV WKH SDUWLFOH VL]H DQG FUHDWHV QHZ VXUIDFHV :KHQ
SDUWLFOHV RYHUODS RFFXUV GXULQJ FROOLVLRQ FROG ZHOG MRLQ DXWRPDWLFDOO\ FOHDQ VXUIDFHV DQG FRPSRVLWH SDUWLFOHV
GHYHORS 7KH LQWHUDFWLRQ EHWZHHQ SDUWLFOHV IUDFWXUH ZHOGLQJ DQG VWUDLQ HQKDQFHG GLIIXVLRQ SURJUHVVLYHO\
KRPRJHQL]HWKHSRZGHUVUHVXOWLQJHYHQWXDOO\ LQDOOR\IRUPDWLRQ7KHDGYDQWDJHVRIWKHVHWHFKQLTXHVDUHWKDW WKH\
DUHVLPSOHUHTXLUHORZFRVWHTXLSPHQWDQGSURYLGHGWKDWDFRDUVHIHHGVWRFNSRZGHUFDQEHPDGHPDQ\PDWHULDOV
DUH FDSDEOH RI EHLQJ SURFHVVHG+RZHYHU WKHUH FDQ EH GLIILFXOWLHV VXFK DV DJJORPHUDWLRQ RI WKH SRZGHUV EURDG
SDUWLFOHVL]HGLVWULEXWLRQVFRQWDPLQDWLRQIURPWKHSURFHVVHTXLSPHQWLWVHOIDQGWKHDFKLHYHPHQWRIYHU\ILQHSDUWLFOH
VL]HV&RPPRQO\WKHVHPHWKRGVDUHXVHGIRULQRUJDQLFDQGPHWDOVEXWQRWRUJDQLFPDWHULDOV
7KHSUHVHQWVWXG\LQYROYHVJHQHUDWLRQRIQDQRVL]HGSDUWLFOHVLQDSRZGHUPL[WXUHRIDOXPLQLXPDQGPDQJDQHVH
GLR[LGHFRQVWLWXHQWVZKLFKPD\UHDFWLQVROLGVWDWHWRUHVXOW LQQDQRVL]HGSDUWLFOHV7KHVHQDQRVL]HGSDUWLFOHVDUH
JHQHUDWHGDWSK\VLFDOO\VHSDUDWHORFDWLRQVDQGFDQQRWFRPHWRJHWKHUVLQFHVHSDUDWHG E\SDUWLFOHVRI WKHFRQVWLWXHQW
SRZGHUVLQWKHPL[0LFURJUDSKVRIPLOOHGSRZGHUREVHUYHGXQGHU7UDQVPLVVLRQ(OHFWURQ0LFURVFRSH7(0KDYH
UHYHDOHGWKHSUHVHQFHRIQDQRVL]HG JDOXPLQDSDUWLFOHV
 ([SHULPHQWV
 0LOOLQJ IRU *HQHUDWLQJ1DQR3DUWLFOHV
0LOOLQJ LV D GU\ SRZGHU SURFHVVLQJ WHFKQLTXH ZKHUH SRZGHUV DUH LPSDFWLQJ DJDLQVW HDFK RWKHU DQG DJDLQVW D
PHGLXPRIKDUGEDOOVRUGLVFZKHQWKHFRQWDLQHUKDYLQJWKHSRZGHUVDQGWKHPHGLXPURWDWHV7KHUHLVWKHUHSHWLWLYH
FROOLVLRQDQGIUDFWXUHRIWKHPHWDOOLFDQGQRQPHWDOOLFSDUWLFOHVXQGHUKLJKO\HQHUJHWLFLPSDFWRIWKHPLOOGLVF7ZR
FRQVWLWXHQWSRZGHUVLQWKHPL[WXUHLVVRVHOHFWHGWKDWWKH\PD\UHDFWRQDOLPLWHGVFDOHDWWKHSRLQWVRILPSDFWGXULQJ
PLOOLQJDQGJHQHUDWHQDQRVL]HGSDUWLFOHVE\FKHPLFDO UHDFWLRQ
 6HOHFWLRQRI3RZGHUV
,Q WKLV LQYHVWLJDWLRQPDQJDQHVHGLR[LGH 0Q2DYHUDJH VL]HQPZDV VHOHFWHG IRU LQVLWX UHDFWLRQ
ZLWK DOXPLQLXPPHWDO SRZGHU DYHUDJH VL]HQPGXULQJPLOOLQJ$SDUW IURP WKHLU DELOLW\ WR UHDFW WKHRWKHU
LPSRUWDQWFRQVLGHUDWLRQVIRUVHOHFWLRQZHUHORZFRVWDQGHDV\DYDLODELOLW\7KHSXULW\DQGGHQVLW\RIR[LGHSRZGHUV
XVHGDUHVKRZQLQ7DEOH
7DEOH 6SHFLILFDWLRQVRI0DQJDQHVHGLR[LGH0Q2DQG $OXPLQLXP SRZGHUV
2[LGHSDUWLFOH7\SH 3XULW\ U JFP
 6XSSOLHU
0Q2   5$1.(0/DERUDWRU\5HDJHQW
$O   /2%$&KHPLH/DERUDWRU\5HDJHQWDQG )LQH&KHPLFDOV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 7KHLQLWLDOSDUWLFOHVVL]HDQGVKDSHDQDO\VLV
7KHVL]HDQDO\VLVRI WKH LQLWLDOSDUWLFOHVE\VL]HDQDO\VHU&,6$QNHUVPLG/WG,VUDHO LVVKRZQLQ)LJD
DQG)LJ E7KHDYHUDJHSDUWLFOHVL]HRIWKH$OSRZGHUGLV PPDQGWKHVL]HLVGLVWULEXWHGLQWKHUDQJHIURP
WRP7KHDYHUDJHSDUWLFOHVL]HGRIWKH0Q2 SRZGHULV PPDQGWKHVL]HLVLQWKHUDQJHEHWZHHQ
DQGP
)LJ  3DUWLFOHVVL]HDQDO\VLVIRUD$OXPLQLXPDQGEPDQJDQHVHGLR[LGH SRZGHU XVHG LQWKHFXUUHQWLQYHVWLJDWLRQ
)LJ  6KDSHRISDUWLFOHVRIDPDQJDQHVHGLR[LGHDQGE$OXPLQLXP LQWKHSRZGHUXVHGIRUPLOOLQJDVREVHUYHGXQGHU)(6(0DQGLWVFKHPLFDO
FRPSRVLWLRQDVREWDLQHGE\(';DQDO\VLV
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7KHVKDSHRIWKHPDQJDQHVHDQGDOXPLQLXPSDUWLFOHVLQWKHSRZGHUKDVEHHQREVHUYHGXQGHU)(6(0DQGWKHUHVXOWV
DUHVKRZQLQ)LJDDQGE DORQJZLWK(';DQDO\VLV7KHFKHPLFDOFRPSRVLWLRQRIWKHSDUWLFOHVVKRZVWKDWWKHVH
DUHSXUH0Q2 DQGDOXPLQLXPUHVSHFWLYHO\
 3URFHVV &RQWURO$JHQW
7KH SRZGHU SDUWLFOHV JHW FROGZHOGHG WR HDFK RWKHU HVSHFLDOO\ LI WKH\ DUH GXFWLOH GXH WR WKH KHDY\ SODVWLF
GHIRUPDWLRQ H[SHULHQFHGE\ WKHPGXULQJPLOOLQJ$SURFHVV FRQWURO DJHQW 3&$ DOVR UHIHUUHG WR DV OXEULFDQW RU
VXUIDFWDQWZDVDGGHGWRWKHSRZGHUPL[WXUHGXULQJPLOOLQJWRUHGXFHWKHHIIHFWRIFROGZHOGLQJ7KH3&$VFDQEH
VROLGV OLTXLGV RU JDVHV 7KH\ DUH PRVWO\ EXW QRW QHFHVVDULO\ RUJDQLF FRPSRXQGV ZKLFK DFW DV VXUIDFHDFWLYH
DJHQWV 7KH 3&$ DGVRUEV RQ WKH VXUIDFH RI WKH SRZGHU SDUWLFOHV DQG PLQLPL]HV FROG ZHOGLQJ EHWZHHQ SRZGHU
SDUWLFOHV DQG WKHUHE\ LQKLELWV DJJORPHUDWLRQ $ERXW  PO RI 7ROXHQH &+&+ ZDV XVHG DV 3&$ GXULQJ
PLOOLQJRISRZGHUV
 0LOOLQJ RI3RZGHU0L[WXUH
0LOOLQJ LV D GU\ SRZGHU SURFHVVLQJ WHFKQLTXH ZKHUH SRZGHUV DUH LPSDFWLQJ DJDLQVW HDFK RWKHU DQG DJDLQVW D
PHGLXPRIKDUGEDOOVRUGLVFZKHQWKHFRQWDLQHUKDYLQJ WKHSRZGHUVDQGWKHPHGLXPURWDWHV7KHUHLVWKHUHSHWLWLYH
FROOLVLRQDQGIUDFWXUHRIWKHPHWDOOLFDQGQRQPHWDOOLFSDUWLFOHVXQGHUKLJKO\HQHUJHWLFLPSDFWRIWKHPLOOGLVF7KH
PLFURQVL]HG$OWRPDQG0Q2 WRPSRZGHUVZHUHPL[HGLQWKH UDWLRRI0Q2 $O DQGORDGHG
LQWKHPODJDWHPLOOLQJFRQWDLQHU)LJ DDORQJZLWKPORI7ROXHQHDVDSURFHVVFRQWURODJHQWPLOOHGLQ
YLEUDWRU\GLVFPLOOW\SH5HWVFK 56*HUPDQ\)LJ IRUGLIIHUHQWPLOOLQJWLPHRIDQGPLQ7KH
PLOOZDVRSHUDWHGDWUSP
7KH9LEUDWRU\'LVF0LOO56FRPPLQXWHVE\SUHVVXUHLPSDFWDQGIULFWLRQ7KHJULQGLQJVHWLVILUPO\DWWDFKHG
WR WKHYLEUDWLRQSODWHZLWKDTXLFNDFWLRQ OHYHU )LJG7KHSODWHZLWK WKHJULQGLQJVHW LVVXEMHFWHG WRFLUFXODU
KRUL]RQWDO YLEUDWLRQV 7KH FHQWULIXJDO IRUFH DFWLQJ RQ WKH JULQGLQJ ULQJV LQ WKH GLVK UHVXOWV LQ H[WUHPH SUHVVXUH
LPSDFWDQGIULFWLRQDOIRUFHVDFWLQJRQWKHVDPSOHSURGXFLQJILQHQHVVLQPLQXWHV
)LJ 0LOOLQJVHWXVHGIRU9LEUDWRU\'LVF0LOO56
7KHPLOOLQJFXSLVILWWHGZLWKDGLVFDQGDULQJDVVKRZQLQWKH)LJ E7KHSRZGHUVDPSOHDQGWROXHQHLVILOOHG
LQWRWKHVSDFHPDUNHG5EHWZHHQWKHPLOOLQJFXSZDOODQGWKHILUVWULQJDVVKRZQLQ)LJ F7KHPLOOLQJFXS LV
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FORVHGZLWKWKHOLGQRWIRUJHWWLQJWKHVHDODQGHQJDJHGLQWKHORFNLQJEROW%RIWKHKROGLQJGHYLFHE\WXUQLQJVOLJKWO\
DVVKRZQLQ)LJ G
)LJ 3KRWRJUDSKRIWKH9LEUDWRU\'LVF0LOO56
 5HVXOWVDQG'LVFXVVLRQ
 0LOOLQJ DQG(YROXWLRQRI0RUSKRORJ\RI1DQR3DUWLFOHV
7KHDOXPLQLXPDQGPDQJDQHVHR[LGHSRZGHUV ZHUHPL[HG LQ WKHUDWLRRI  DQGPLOOHG LQYLEUDWRU\GLVFPLOO
W\SH 5HWVFK 56 5HWVFK*PE+*HUPDQ\ RSHUDWHGDWUSP IRUGLIIHUHQWPLOOLQJWLPHV IURP PLQWR
PLQ LQ D OLTXLGPHGLXP RI WROXHQH 7KH VKDSH DQG VL]H RI WKH SDUWLFOHV DW GLIIHUHQW VWDJHV RIPLOOLQJ KDYH EHHQ
H[DPLQHG XQGHU ILHOG HPLVVLRQ VFDQQLQJ HOHFWURQ PLFURVFRSH )(6(0 7KH PLFURJUDSK LQ )LJ D VKRZV WKH
PRUSKRORJ\RISRZGHU PL[WXUH EHIRUHPLOOLQJDQGWKHSDUWLFOHVKDYHDZLGHUDQJHRIVL]HVIURPȝPWRȝP7KH
ODUJHU R[LGH SDUWLFOHV VKRZSDUWLDOO\ FOHDYHG VXUIDFHV ZLWK VPDOOHU SDUWLFOHV VWLFNLQJ RQ LW 7KHPHWDOOLF SDUWLFOHV
DSSHDUUHODWLYHO\GXOOEXWWKHVXUIDFHVDUHSODQDUEXW WKHUHDOVRVPDOOHUSDUWLFOHVRYHULW 'XULQJPLOOLQJWKH R[LGHV
SDUWLFOHVKDYHEURNHQ WRVPDOOHUVL]HVDSSHDULQJEULJKWDVREVHUYHG LQ)LJ E7KHUHDUHDOVRYHU\VPDOOEULJKW
SDUWLFOHVRYHUWKHUHODWLYHO\GXOOVXUIDFHVRIUHODWLYHO\ODUJHUPHWDOOLFSDUWLFOHV
7KHPRUSKRORJ\RISRZGHUDIWHUPLOOLQJIRUPLQDVREVHUYHGXQGHU)(6(0LVVKRZQLQ)LJ 7KHUHDUH
VPDOOURXQGSDUWLFOHVDGKHULQJRQWKHVXUIDFHRIODUJHSDUWLFOHV7KHDOXPLQLXPSDUWLFOHVDSSHDUIDLUO\IODWWHQHGE\
FRQWLQXHGEHDWLQJE\ WKHULQJVLQVLGHWKHPLOOLQJFKDPEHU
7KHPRUSKRORJ\RISRZGHUDIWHUPLOOLQJIRUPLQDVREVHUYHGXQGHU)(6(0LVVKRZQLQ)LJ 7KHODUJHU
SDUWLFOHVDUHSRVVLEO\DOXPLQLXPGHIRUPHGKLJKO\GXULQJPLOOLQJEXWGLGQRWHDVLO\IUDJPHQWLQWRORZHUVL]HV VLPLODU
WREULWWOHR[LGHV7KHUH LV VRPHDJJORPHUDWLRQRI UHODWLYHO\EULJKWR[LGHSDUWLFOHVDVVKRZQLQ)LJ DDWKLJKHU
PLOOLQJWLPHVDVWKHSRSXODWLRQRIVPDOOR[LGHSDUWLFOHVLQFUHDVHV$WKLJKHUPDJQLILFDWLRQLWLVREVHUYHGWKDWVPDOOHU
SDUWLFOHV DUHFURZGLQJWRJHWKHUEHWZHHQODUJHSDUWLFOHVDVVKRZQLQ)LJ E
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)LJ  6(0PLFURJUDSKVVKRZLQJFKDQJHLQPRUSKRORJ\IURPDSRZGHUPL[EHIRUHPLOOLQJWRESRZGHUPL[PLOOHGIRUPLQXWHVDW
USP
)LJ  6(0PLFURJUDSKVVKRZLQJWKH PRUSKRORJ\RISRZGHUPL[PLOOHGIRUPLQXWHVDWUSP
)LJ  6(0PLFURJUDSKVVKRZLQJWKHPRUSKRORJ\RISRZGHUPL[PLOOHGIRUPLQXWHVDWUSPDDWORZHUDQGEDWKLJKHU
PDJQLILFDWLRQ
7KHSRZGHUPL[RI$ODQG0Q2 LQWKHUDWLRRIKDV EHHQH[DPLQHGIRUWKHLU;UD\GLIIUDFWLRQ;5'SDWWHUQ
EHIRUHPLOOLQJDQGDOVRDIWHUPLOOLQJ IRUPLQPLQDQGPLQDQG WKHSDWWHUQVDUHFRPSDUHG LQ)LJ 
3URJUHVVLYHO\ZLWKPLOOLQJ WKHSHDNVRIDOXPLQLXPDUHUHGXFLQJ LQKHLJKWEXW WKHH[WHQWRIEURDGHQLQJ LQFUHDVHV
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7KHKHLJKWRIVRPHRIWKHZHDNSHDNVKDVGHFUHDVHGVRPXFKDVWRGLVDSSHDUE\PHUJLQJZLWKWKHQRLVHRIWKH;5'
SDWWHUQ$IWHUPLOOLQJIRUPLQXWHVVWURQJHUSHDNVEHORQJLQJWR0Q2DSSHDUVDQGLWVKRZVWKDW0Q2 LVORVLQJ
R[\JHQSRVVLEO\WRJHQHUDWH$O2 EXWWKHDPRXQWLVVRVPDOOWKDWLWKDVQRWEHHQGHWHFWHGE\;5'EXWWKHVHSHDNV
GLVDSSHDUZLWKIXUWKHUPLOOLQJIRUPLQ
)LJ  &RPSDULVRQRI;5'SDWWHUQRISRZGHUPL[EHIRUHPLOOLQJDQGDIWHUPLOOLQJIRUDQGPLQXWHV
7KHEULJKWILHOGWUDQVPLVVLRQHOHFWURQPLFURJUDSKRIWKHSDUWLFOHVLQWKHSRZGHUPL[DIWHUPLQRIPLOOLQJKDV
UHYHDOHGVL]HVIURPWRQPDVVKRZQLQ)LJ D6HOHFWHGDUHDHOHFWURQGLIIUDFWLRQ6$'SDWWHUQVVKRZQLQ
)LJ EVKRZVVKDUSULQJVSRWSDWWHUQWKDWLVWKHFKDUDFWHULVWLFRIWKHSUHVHQFHRISRO\FU\VWDOOLQHSDUWLFOHVUHVXOWLQJ
LQWKHULQJDQGDQGDOVRWKHVSRWV$0DQGDUHVXOWLQJIURPWKHSUHVHQFHRIȖ$O20Q2 DQGDOXPLQLXP
UHVSHFWLYHO\
)LJ  D7(0PLFURJUDSKRISRZGHUPL[DIWHUPLQRIPLOOLQJDQGE6HOHFWHGDUHDHOHFWURQGLIIUDFWLRQSDWWHUQVVKRZLQJWKH
VKDUSULQJVSRWSDWWHUQDQGDQGDOVRWKHVSRWV$0DQGDLVUHVXOWLQJIURPWKHSUHVHQFHRIȖ$O20Q2 DQGDOXPLQLXP
UHVSHFWLYHO\
7KHEULJKWILHOGWUDQVPLVVLRQHOHFWURQPLFURJUDSKRIWKHSRZGHUVPLOOHGIRUPLQUHYHDOVSDUWLFOHVRIVL]HVLQ
WKHUDQJHEHWZHHQWRQPDVVKRZQLQ)LJ D6HOHFWHGDUHDHOHFWURQGLIIUDFWLRQ6$'SDWWHUQDVJLYHQLQ
)LJ E VKRZV VKDUS ULQJVSRW SDWWHUQ WKDW LV WKH FKDUDFWHULVWLF RI WKH SUHVHQFH RI SRO\FU\VWDOOLQH SDUWLFOHV
UHVXOWLQJ LQ WKHULQJDQGDQGDOVR WKHVSRWV$0DQGDUHVXOWLQJIURPWKHSUHVHQFHRIȖ$O20Q2 DQG
DOXPLQLXPUHVSHFWLYHO\
        
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)LJ  D7(0PLFURJUDSKRISRZGHUPL[DIWHUPLQRIPLOOLQJDQGE6HOHFWHGDUHDHOHFWURQGLIIUDFWLRQSDWWHUQVVKRZLQJWKH
VKDUSULQJVSRWSDWWHUQDQGDQGDOVRWKHVSRWV$0DQGDLVUHVXOWLQJIURPWKHSUHVHQFHRIȖ$O20Q2 DQGDOXPLQLXP
UHVSHFWLYHO\
7KH EULJKW ILHOG WUDQVPLVVLRQ HOHFWURQ PLFURJUDSK RI WKH SRZGHUV PLOOHG IRU  PLQ LQ )LJ D UHYHDOV
SDUWLFOHVRIVL]HVLQWKHUDQJHEHWZHHQWRQP6HOHFWHGDUHDHOHFWURQGLIIUDFWLRQ6$'SDWWHUQVVKRZVLQ)LJ
E VKRZV VKDUS ULQJVSRW SDWWHUQ DVREVHUYHG IURPSRZGHUVPLOOHG IRU  DQGPLQXWHV7KHSUHVHQFHRI
SRO\FU\VWDOOLQHSDUWLFOHVLVUHVXOWLQJLQWKHULQJDQGDQGDOVRWKHVSRWV$0DQGDUHVXOWLQJIURPWKHSUHVHQFH
RIȖ$O20Q2 DQGDOXPLQLXPUHVSHFWLYHO\
)LJ  D7(0PLFURJUDSKRISRZGHUPL[DIWHUPLQRIPLOOLQJDQGE6HOHFWHGDUHDHOHFWURQGLIIUDFWLRQSDWWHUQVVKRZLQJWKH
VKDUSULQJVSRWSDWWHUQDQGDQGDOVRWKHVSRWV$0DQGDLVUHVXOWLQJIURPWKHSUHVHQFH RIȖ$O20Q2 DQGDOXPLQLXP
UHVSHFWLYHO\
7KHSDUWLFOHVL]HVLQWKHSRZGHUKDYHEHHQFODVVLILHGLQWKUHHEURDGFODVVHV ± &ODVV$LQWKHVL]HUDQJHOHVVWKDQ
 QP&ODVV% LQ WKH VL]H UDQJH EHWZHHQ  QP WR  QP DQG&ODVV& LQ WKH VL]H UDQJH ODUJHU WKDQ  QP
7DEOH VKRZVWKHHYROXWLRQRISDUWLFOHVL]HVLQWKHVHWKUHHVL]HFDWHJRULHVZLWKLQFUHDVLQJPLOOLQJWLPH7KHLQLWLDO
SRZGHUVKDGSDUWLFOHVLQWKH&ODVV&EXWZLWKPLOOLQJWKHSRZGHUVSDUWLFXODUO\RIR[LGHVJRWIUDJPHQWHGWRUHVXOWLQ
VPDOOHUSDUWLFOHVEHORQJLQJWR&ODVVHV%DQG&7KHDOXPLQDSDUWLFOHVIRUPLQJGXHWRUHDFWLRQEHWZHHQDOXPLQLXP
DQGPDQJDQHVHR[LGHV VKRXOGEHORQJ WR&ODVV$)URP7DEOH LW LVREVHUYHG WKDWDIWHUPLOOLQJ IRUPLQXWHV
PDMRULW\RISDUWLFOHVDUH LQFODVV$DQG WKHLUQXPEHU LQFUHDVHVPDQLIROGZLWK LQFUHDVLQJPLOOLQJ WLPHEH\RQG
PLQXWHV7KHDYHUDJH VL]HRI SDUWLFOHV LQ&ODVV%DOVRGHFUHDVHVZLWK LQFUHDVLQJPLOOLQJ WLPHSRVVLEO\ LQGLFDWLQJ
PRUHIUDJPHQWDWLRQRISDUWLFOHVLQWKLVVL]HFODVVZKLFKFRXOGEHSUHGRPLQDQWO\RIR[LGH7KHSDUWLFOHLQ&ODVV&
424   S. Ghanaraja et al. /  Procedia Materials Science  5 ( 2014 )  416 – 425 
UHWDLQV VLPLODU DYHUDJH VL]HZLWK LQFUHDVLQJPLOOLQJ DQG WKHVH SDUWLFOHV FRXOG EH SUHGRPLQDQWO\PDGH RIPHWDOOLF
SDUWLFOHV
7DEOH  $YHUDJHVL]HDQGQXPEHURISDUWLFOHVLQGLIIHUHQWVL]HUDQJHZLWK PLOOLQJ
0LOOLQJ7LPH
0LOOHGSRZGHU
3DUWLFOH
VL]H
FODVVHV
$YHUDJHVL]H
LQQP
1XPEHURI
SDUWLFOHV
6L]HUDQJH
LQQP
8QPLOOHG
$O  ! 
0Q2  ! 
PLQ
$  ! 
%   
&   $ERYH
 PLQ
$  ! 
%   
&   $ERYH
PLQ
$  ! 
%   
&   $ERYH
 'LVFXVVLRQ
7KHLQYHVWLJDWLRQUHSRUWHGLQWKLVFKDSWHUVWDUWVZLWKPLOOLQJDPL[WXUHRISRZGHUVRIDOXPLQLXP DQGPDQJDQHVH
GLR[LGH2QWKHDYHUDJHDOXPLQLXPSRZGHUVDUHWZLFHWKHDYHUDJHVL]HRIPDQJDQHVHGLR[LGHDVVKRZQLQ)LJ7KH
DOXPLQLXPSDUWLFOHVDUH IDLUO\SXUHDQGKDYH LUUHJXODUDQJXODU VKDSHVDV VKRZQ LQ)LJ DZKLOH WKHPDQJDQHVH
GLR[LGH SRZGHUV DUH DOVR SXUH DQG KDYLQJPRUH UHJXODU VKDSHV VKRZQ LQ )LJ E'XULQJPLOOLQJ WKHUH DUH WZR
GLVWLQFW UROHV RI WKH SRZGHUV DV SHUFHLYHG ± L WR JHQHUDWH QDQRVL]HG DOXPLQD E\ R[LGDWLRQ DW WKH KLJK HQHUJ\
LPSDFW SRLQWV GXH WR FROOLVLRQ EHWZHHQ DOXPLQLXP DQG PDQJDQHVH GLR[LGH SDUWLFOHV DQG LL WR NHHS QDQRVL]HG
DOXPLQDSDUWLFOHVSK\VLFDOO\VHSDUDWHE\WKHSUHVHQFHRIDOXPLQLXPDQGPDQJDQHVHGLR[LGHSRZGHUV7KHSRZGHUV
KDYH EHHQ PL[HG LQ UDWLR RI  IRU DOXPLQLXP DQGPDQJDQHVH R[LGH DQG LW KDV EHHQ NHSW IL[HG 7KH H[WHQW RI
JHQHUDWLRQRIQDQRVL]HGDOXPLQDSDUWLFOHVLQFUHDVHVZLWKLQFUHDVLQJPLOOLQJWLPHEXWFRQVXPHVRQO\DVPDOODPRXQW
RIERWKDOXPLQLXPDQGPDQJDQHVHR[LGHSRZGHUV
7KHSRZGHUVRIDOXPLQLXPDQGPDQJDQHVHGLR[LGHKDYHGLIIHUHQWGHIRUPDWLRQ FKDUDFWHULVWLFV  ZKLOHDOXPLQLXP
LVGXFWLOHPDQJDQHVHGLR[LGHLVEULWWOH0LOOLQJPD\UHDGLO\EUHDNPDQJDQHVHGLR[LGHSDUWLFOHVLQWRVPDOOHUVL]HVEXW
DOXPLQLXPSDUWLFOHVPD\EHEDWWHUHGWRVKHHWEHIRUHWKHGXFWLOLW\LVH[KDXVWHGDQGWKHQEUHDNLQWRIUDJPHQWV
0LFURJUDSKRIPLOOHGSRZGHUFOHDUO\VKRZVUHODWLYHO\ODUJHUDOXPLQLXPSDUWLFOHVDQGVPDOOHUPDQJDQHVHGLR[LGH
SDUWLFOHVDVVKRZQLQ)LJV E  DQG  IRUDQGPLQRIPLOOLQJDQGWKHVHSDUWLFOHVPD\EHFRPSDUHG
ZLWK WKRVH LQPL[HG SRZGHU SULRU WRPLOOLQJ DV VKRZQ LQ )LJ D;UD\ GLIIUDFWLRQ ;5' SDWWHUQ RI SRZGHUV
EHIRUH PLOOLQJ DQG DOVR DIWHU PLOOLQJ IRU  PLQ  PLQ DQG  PLQ DUH FRPSDUHG LQ )LJ  DQG LW VKRZV
SURJUHVVLYHUHGXFWLRQRIKHLJKWDQGEURDGHQLQJRISHDNVZLWKPLOOLQJZKLFKPD\EHDWWULEXWHGWRVL]HUHGXFWLRQDQG
LQFUHDVHGVWUHVV
7(0PLFURJUDSKV VKRZQ LQ )LJV   DQG  KDYH UHYHDOHG WKH SUHVHQFH RI QDQRVL]HG ȖDOXPLQD SDUWLFOHV
VWLFNLQJWRODUJHUSDUWLFOHV,IWKHSDUWLFOHVREVHUYHGXQGHU7(0DUHGLYLGHGLQWRWKUHHEURDGVL]HFODVVHVRIQP
QPDQGDERYHQP WKHQ WKHSDUWLFOHV LQ WKH VPDOOHU UDQJH LQFUHDVHVSURJUHVVLYHO\ZLWKKLJKHUPLOOLQJ
WLPHDVLQIHUUHGIURP)LJV  DQG )URPODUJHQXPEHURIREVHUYDWLRQVRISRZGHUVDPSOHVXQGHU7(0DURXJK
SDUWLFOHVL]HGLVWULEXWLRQKDVEHHQZRUNHGRXWDQGUHSRUWHGLQ7DEOH 7KHQXPEHURISDUWLFOHVRILQWHUPHGLDWHVL]H
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GHFUHDVHVVORZO\LQGLFDWLQJKLJKHUUDWHRIIUDJPHQWDWLRQRIWKHVHSDUWLFOHVZLWKSURJUHVVLYHPLOOLQJUHVXOWLQJLQWKHLU
FURVVLQJWRORZHUVL]HFODVV7KHODUJHUSDUWLFOHVDUHPRVWO\DOXPLQLXPDQGIUDJPHQWVUHODWLYHO\VORZO\DQGVRWKHLU
HQWU\ LQWR LQWHUPHGLDWH VL]H FODVV LV QRW DEOH WR FRPSHQVDWH WKH SDUWLFOHV JRLQJ RXW WR WKH VPDOOHVW VL]H FODVV
,QWHUHVWLQJO\WKHSRZGHUVPLOOHGIRUKLJKHUWLPHVRIPLQDOVRVKRZWKHSUHVHQFHȖDOXPLQDZKLFKLVWKHRQO\
DOXPLQDSUHVHQWDW UHODWLYHO\ VKRUWHU WLPHVRIDQGPLQ ,W LVFOHDUO\HVWDEOLVKHG WKDW WKHSRZGHUPL[DIWHU
PLOOLQJ FRQWDLQV QDQRVL]HG DOXPLQDSDUWLFOHV DORQJZLWK ILQHSDUWLFOHV RIPDQJDQHVHGLR[LGH DQG DOXPLQLXPDQG
WKHLUUHODWLYHSRSXODWLRQLQWKHEURDGVL]HFODVVHVGHSHQGVRQWKHPLOOLQJWLPH
 &RQFOXVLRQV
1DQRSDUWLFOHVRIDOXPLQDKDYHEHHQJHQHUDWHGE\UHDFWLRQEHWZHHQDOXPLQLXPDQGPDQJDQHVHGLR[LGHSRZGHUV
GXULQJPLOOLQJ
 'XULQJPLOOLQJRISRZGHUVRIDOXPLQLXPDQGPDQJDQHVHGLR[LGHPL[HGLQUDWLRRIE\ZHLJKWQDQR
VL]HG JDOXPLQDSDUWLFOHVKDYHEHHQJHQHUDWHGSRVVLEO\E\R[LGDWLRQDWWKHKLJKHQHUJ\LPSDFWSRLQWVRI
DOXPLQLXPDQGPDQJDQHVHGLR[LGHSDUWLFOHV7KHSRZGHUPL[DIWHUPLOOLQJDOVRFRQWDLQVUHPDLQLQJILQH
SDUWLFOHVRIPDQJDQHVHGLR[LGHDQGUHODWLYHO\FRDUVHUSDUWLFOHVRIDOXPLQLXP
 7KHUHGXFWLRQRIPDQJDQHVHGLR[LGHE\DOXPLQLXP GXULQJPLOOLQJPD\KDYHWDNHQSODFHVWHSE\VWHSDV
HYLGHQWIURPDSSHDUDQFHRI0Q2SHDNLQ;5'
 7KHPLOOHGSRZGHUFRQWDLQVSDUWLFOHVRI VL]HEHORQJLQJ WR WKUHHEURDGFODVVHVRIQPQP
DQGDERYHQPDQGWKHQXPEHURISDUWLFOHVLQWKHVPDOOHUUDQJHLQFUHDVHVSURJUHVVLYHO\ZLWKKLJKHU
PLOOLQJWLPH
 5HIHUHQFHV
$LNLQ-U50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
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 ³,QRUJDQLFQDQRVWUXFWXUHVIURP O\RWURSLFOLTXLGFU\VWDOSKDVHV´ $FWD0DWHULDOD SS±
'UH[OHU (. 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5:6LHJHO(+X DQG0&5RFR(GV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